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Abstract

Introduction: The recent studies of Parkinson’s disease (PD) indicate that genetics and environmental factors may play an important role in de-
veloping of PD. Nowadays, the cell death and cell adhesion are pathogenetic mechanisms which could be related with PD. On the basis of relation-
ship of those mechanisms with PD, the aim of this study was to identify new candidate genes for PD by integration of results of transcriptomics stu-
dies and results obtained by Biomedical Discovery Support System (BITOLA).

Materials and methods: For the detection of functional relationship between potential candidate gene and pathogenetic mechanisms associated
with PD, we designed strategy of integration of results of transcriptomics studies with discovery approach in bibliographic data bases and BITOLA.
Data of chromosome location, tissue-specific expression, function of potential candidate genes and their association with genetics disorders were
obtained from Medline, Locus Link, Gene Cards and OMIM.

Results: Integration and comparison of results obtained using the BITOLA system and analysis of transcriptomics studies identified six genes (MAPT,
UCHLT, NSF, (DC42, PARK2 and GFPTT) that occur simultaneously in both group of results. The function of genes NSF, (D(42 and GFPTT in the pathoge-
nesis of PD has not been studied yet.

Conclusions: According to our result that aforementioned genes appeared in both groups of results and partially match the criteria set for the se-
lection of candidate genes and their potential role in the development of PD, they should be tested by methods specifically intended for those three
genes.
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Introduction

Genome-wide study of multiplex PD family offe-
red evidence about connection of those loci which

Parkinson’s disease (PD) is etiologically, genetically
and pathologically complex and heterogeneous

disease (1). It is estimated that most cases of PD
(>95%) are sporadic and have late age onset, yet
small but growing subset of individuals has a sin-
gle gene defect as the cause of the disease (2,3). In
the last group, at least ten loci associated with
PD have been identified so far: PARK1, PARK2,
PARK3, PARK4, PARK5, PARK6, PARK7, PARKS, PARK9
and GBA (4).
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are on the different chromosomes (5-7). Genetical-
ly defined familial forms of PD offer insights into
molecular signaling pathways that modulate pro-
tein degradation and mitochondrial homeostasis
sustaining the selective neurodegenerative proce-
ss in typical Parkinsonism (8). Genetic heterogenei-
ty of monogenic form of PD points to the great
pathophysiological complexity of multifactorial
forms of PD (4). Linkage analysis and gene expres-
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sion studies indicate a very large number of candi-
date genes for PD (5-9). Also, variation of genes
which are associated with sporadic cases of PD can
increase or decrease risk for the disease. Moreover,
the concept of susceptibility genes allows the in-
volvement of gene-gene and gene-environment
interaction in sporadic PD (10). Previous studies of
genes identified as candidate genes for PD indica-
te that there are many interactions between muta-
ted genes.

The up regulated genes are clustered in cell adhe-
sion/cytoskeleton, extra cellular matrix compo-
nents, cell cycle, protein modification/phosp-
horylation, protein metabolism and transcription,
and inflammation/hypoxia (e.g., key iron and oxy-
gen sensor EGLNT) (11). Although, most interactio-
ns between their protein products cause cell dea-
th which is common incidence in pathophysiology
of PD, oxidative stress is considered as primary
cause of dopamine neurons death (4,12). In recent
times, cell adhesion is often brought into relation
with PD (13,14). Cell adhesion molecules play a cen-
tral role in neural development and are also criti-
cally involved in axon regeneration and plasticity
of synapses in adult nerve system (13,15). It is esti-
mated that, L1 adhesion molecule was capable of
stimulating survival and differentiation in the mid-
brain neurons which degenerate in Parkinson’s di-
sease (13). The neural cell adhesion molecule
(NCAM) participates in adhesion and neurons out-
growth during nervous system development. In
the adult brain, NCAM is considered to be involved
in neuronal sprouting and synaptic remodeling
(15). The increased levels of cytokine levels descri-
bed in PD could induce the expression of vascular
adhesion molecules (VCAM-1-VLA-4) and intracel-
lular adhesion molecules (ICAM-1-LFA-1) (16). Iden-
tification of mutations in genes that lead the deve-
lopment of PD with high penetrance, show that
the disease can have a significant genetic compo-
nent. In terms of discovering new information from
the literature, especially for candidate genes for
various diseases, Peterlin and Hristovski have de-
veloped biomedical support discovery system (BI-
TOLA) (17). By using this system were identified
candidate genes of interest for multiple sclerosis
(MS) and bilateral polymicrogyria (BPP) (18-20).

Methods of integration data from the literature,
using BITOLA tools with existing genomic and
transcriptomics data can reveal new potential can-
didate genes for Parkinson’s disease.

The main goal of this research was to identify can-
didate genes for PD which correspond to followi-
ng criteria nominated by authors in design of stu-
dy: to show a specific pattern of expression in bra-
in tissue, to be involved in processes of cell adhe-
sion and cell death, and that so far in the literature
are not brought into relation with PD.

Materials and methods

BITOLA system search strategy

For the detection of functional relation between
potential candidate genes and pathogenetic mec-
hanisms associated with PD a strategy of integra-
tion results from transcriptomics studies with
approach of discovering new candidate genes
from bibliographic data bases using BITOLA sy-
stem was designed (17). Information about chro-
mosome loci, tissue-specific expression and the
function of potential candidate genes and their as-
sociation with some genetics disorders were
extracted from databases: Medline (21), Locus Link
(22), Gene Cards (23) and Online Mendelian Inheri-
tance in Man (OMIM) (24). In order to include some
gene as candidate genes in the list of candidate
genes for PD, that gene had to meet following cri-
teria nominated by authors: to show a specific pat-
tern of expression in brain tissue, to be involved in
processes of cell adhesion and cell death, and that
so far in the literature have not been brought into
relation with PD. To find new potential biomedical
relation between PD and pathogenetic mechanis-
ms (cell adhesion and cell death) the BITOLA sy-
stem was used (17).

The BITOLA system is an interactive literature-ba-
sed biomedical discovery support system. The
purpose of the system is to help biomedical re-
searchers make new discoveries by revealing po-
tentially new relations between biomedical con-
cepts. The set of concepts currently contains Medi-
cal Subject Headings (MeSH), which is used to in-
dex Medline, and human genes from The Human
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Genome Organization (HUGO). The potential new
relations are discovered by mining the Medline da-
tabase (21).

The system is available in two versions: “closed dis-
covery” and “opened discovery”. Closed discovery
allows the input of a single concept and generates
potential explanations of the relationship between
two entities. It does by searching published litera-
ture to finds intermediate links. Open discovery al-
lows the input of a single concept, then categories
for first-order relatives of that concept, then
categories for relatives of those first order concep-
ts. The BITOLA system was used according to the
authors proposed instruction (17). Discovery algo-
rithm for discovering new relations between me-
dical concepts is described in Table 1 (18).

TasLe 1. The algorithm for discovering new relations between
medical concepts (18)

1. Let X be a given starting concept of interest.

2. Find all concepts Y such that there is an association rule
X-Y.

3. Find all concepts Y such that there is an association rule
Y—Z.

4. Eliminate those Z for which an association X—Z already
exists.

5. The remaining Z concepts are candidates for a new
relation between X and Z.

Discovery algorithm for finding new relations be-
tween the given concepts was adapted to PD. As
the concept X we nominated Parkinson’s disease,
then concept Y is cell function and concept Z is ge-
ne or gene products. The main goal was to first fi-
nd all the concepts Y (cell function) related to the
starting concepts X (PD). Then all the concepts Z
(gene or gene product) are found. As the last step,
we check if X (PD) and Z (gene or gene product)
appears together in the medical literature, then
we evaluated the proposed (X (PD), Z (gene or ge-
ne product)) pairs and select among them those
that deserve further investigation. If the chromo-
somal region of PD matches the location of the re-
lated genes (Z) and if there are no MEDLINE docu-
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ments mentioning both the PD and the genes Z,
then the genes Z can be proposed as candidate
genes for X (PD). Our discovery algorithm we in-
tegrated in opened BITOLA system and all steps
using BITOLA described in Figure 1. As beginning
concepts X was entered the name Parkinson’s di-
sease. After limiting the related concepts Y by the
semantic type Cell function, 53 concepts were ob-
tained corresponding to MeSH descriptions. Ac-
cording to the research strategy, the cell adhesion
and cell death were chosen as the most suited to
PD. Using those concepts, all related concepts Z of
the semantic type gene or gene products were
searched and further limited to those matching
chromosome location and discoveries only. The all
chromosome loci which in literature associated wi-
th PD were examined.

In a closed BITOLA system the occurrence of the
genes from list of candidate genes for PD together
with PD in the literature were tested. For each ge-
ne from the list of candidate genes for PD the sa-
me discovery algorithm was integrated in closed
BITOLA system. The concept X was Parkinson'’s di-
sease and the concept Z was gene from the list of
candidate genes for PD.

Identification of transcriptomics studies

For identification of transcriptomics studies elec-
tronic data base Medline was researched (21). In
this research were included all studies until De-

Find the concept
X: Parkinson's
disease Semantic
types: Disease or
syndrome

Find the concept Z:
gene or gene product
Limits: Match chr. loc.*

and discoveries only

Find the concept
Y: Limits: semantic
type (cell function)

Selected related
concepts Y: cell

Chr. t
loc.* adhesion/cell
death

Ficure 1. Discovery algorithm adapted to PD and integrated in-
to BITOLA system. *Chr.loc. - chromosome loci.

Related concepts
Z: gene or gene
product needing
further analysis
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cember 2007. Terms used to search databases are
MeSH terms and text words in English: “Transcrip-
tome analysis” AND “Parkinson’s disease”, “Microar-
ray analysis” AND “Parkinson’s disease” AND “Gene”.
The above terms are used in combination with the
terms “genetic”, “genomic association” and “study”.
The results are set under Limits in the “English lan-
guage”. Also, all references of identified studies
were examined. The studies without full text were

excluded from research.

Results

Using the adapted discovery algorithm to the PD
and its integration into the opened BITOLA sy-
stem, we searched all the related concepts Z (gene
or gene product) and further limited them to tho-
se matching the chromosome loci described in
Table 2. In this manner 181 genes were suggested
by the opened BITOLA system.

By further analysis of those genes we have exclu-
ded 110 genes whose expression pattern did not
preferentially included the brain tissue which is
targetin the PD. According to the information from
Locus Link (22), Gene Cards (23) and OMIM (24)
about tissue-specific pattern and the cell function

TaBLE 2. The chromosome regions examined in opened BITO-
LA system

Number of
. Number of

Chromosome genes which .

. genes which
region of matched to the .

have expression
concepts X (PD) chromosome in brain tissue
region of X (PD)

18p11.31-p11.2 2 0
17921 14 8
11p15.5 15 1
9g34 7 5
7p21-p15 3 3
6027 4 1
6q25.2-27 1 1
5023.1-q23.3 1 0
4p14 2 1
2022-923 1 1
2p13 3 1
1p 128 49

(cell adhesion and cell death) we have included 17
genes of the remaining 71 genes as potential can-
didate genes for PD (Table 3).

TaBLE 3. The genes extracted from the opened BITOLA system
for the further analysis

The gene . The chromosome
Protein

symbol locus

CNTNAP] conca.ctln associated 17q21
protein
2',3'-cyclic-nucleotide

NP 3'-phosphodiesterase 17921

NSF N-ethylmaleimide-sensiti- 17q21-22
ve factor

TRAF2 TNF receptor-associated 9q34
factor 2

IL6 interleukin 6 7q

brain-derived
BDNF neurotrophic factor 1p4

protein tyrosine

PTPRU phosphatase, receptor 1pter-p35
type, U

SORT1 sortilin 1 1p21.2-p13.1

ARTN artemin 1p32-p31.3

T™M2D1 TM2 domain containing 1 1p31.3
peptidyl arginine

PADI4 deiminase, type IV 1p36.13

AMIGO] adhesmn mqlecule with 1p13.2
Ig-like domain 1
ell division control

cbca2 protein 42 homolog 1p36.1

MAPT mlcro.tubule associated 17g21.11
protein tau

UCHLT ubiquitin carboxyl 4015.1-p14
terminal esterase L1), pis>-t-p

PARK2 Parkin 6025.2-q27.

GFPT glutamine--fructose-6- 2p13

phosphate transaminase 1

In the next step, in a closed BITOLA system we ha-
ve tested the occurrence of those genes together
with PD in the literature. The frequencies of X (PD)
and Z (CNTNAP1, NSF, CNP, TRAF2, IL6, BDNF, PTPRU,
SORT1, ARTN, TM2D1, GFPT1, PADI1, CDC42, MAPT,
UCHL1, PARK2 and AMIGOT) in Medline documents
is shown in figure 2.

Biochemia Medica 2011,21(2):174-81
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FiGure 2. The frequencies of X (PD) and Z (gene or gene produ-
ct) in Medline records.

IL6, BDNF, MAPT and PARK2 genes had the highest
frequencies. The gene IL6 appears with PD in 19
Medline records, BDNF and PD in 88 records, MAPT
and PD in 157 records and PARK2 and PD in 49
Medline records. This could be explained by the
facts that those genes were researched in popula-
tion of patients with PD and the role of the genes
MAPT and PARK2 in pathogenesis of PD is confir-
med. The PTPRU gene with concept X (PD) appears
in 3 Medline documents. However, none of the lis-
ted studies do confirm its role in PD, so we didn't
exclude this gene. The genes CNTNAPI1, CNP, TRA-
F2, SORT1, ARTN, TM2D1, NSF, PADI4, CDC42, GFPT1
and AMIGOT1 do not appear together with the con-
cept X (PD) in Medline documents.

One of the rules of discovery algorithm is that as-
sociation between concept X (PD) and the concept
Z (gene or gene product) must not exist. So we
exclude from further analysis genes IL6, BDNF,
MAPT and PARK2. However, their existence in list of
offered genes in the BITOLA system is important
because it is implicates on potential role of the BI-
TOLA system in (re)identification disease candida-
te genes. According to the tissue-specific pattern
of the remaining twelve genes and the facts that
those genes are not researched into relation with
PD, they could be proposed as interesting candi-
date genes for further analysis.

Biochemia Medica 2011,21(2):174-81

Searching the Medline database by “Transcriptome
analysis” AND “Parkinson’s disease”, “Microarray
analysis” AND “Parkinson’s disease”, “Gene expres-
sion profiling” AND “Parkinson’s disease” 41 docu-
ments were identified. The six Medline records cor-
responded to the criteria which were set up in desi-
gn of study. After analysis of all available studies (26-
31), the genes that the determined study offered as
possible candidate genes for PD were selected.

In the next step, were compared and integrated
results of analyzing transcriptomics studies and
the list of offered genes in the opened BITOLA sy-
stem. The genes NSF, GFPT1, MAPT, UCHLI, PARK2
and CDC42 found that overlap in those two groups
of results.

Discussion

By integration of results obtained by using bioin-
formatics tool BITOLA and analyses of transcripto-
mics studies, we compiled the list of potential can-
didate genes for PD. The twelve genes are chosen
as potential candidate genes (CNTNAPI1, NSF, CNP,
TRAF2, PADI4, PTPRU, SORTI1, ARTN, TM2D1, CDC42,
GFPT1 and AMIGOT) whose role in PD should be
further explored. The most interesting of those
twelve genes are NSF, CDC42 and GFPT1 because
they appear in our BITOLA results and results of
analyzing of transcriptomics studies.

N-ethylmaleimide sensitive factor (NSF) is an ATPa-
ses associated with various cellular activities pro-
tein (AAA), broadly required for intracellular mem-
brane fusion (32,34). It does seem to interact with
other proteins, such as the AMPA receptor subunit,
GIuR2, and beta2-AR and is thought to affect their
trafficking patterns. Recently, it has been shown
that NSF can be regulated by hydrogen peroxide.
H,0O, is thought to inactivate NSF through oxida-
tion of the Cys264 in NSF-D1 (32). Consistently, mu-
tation of Cys264 to threonine eliminates the sensi-
tivity of NSF to H,0, (33). While this might suggest
that NSF could be a redox sensor in the cell, whose
activity is decreased when the oxidation state of
the cytosol increases (32).

Interestingly, NSF gene is located nearby MAPT ge-
ne. Mutations in the tau gene, MAPT, causes fami-
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lial frontotemporal dementia with Parkinsonism
linked to chromosome 17 (FTDP-17), and common
variation in MAPT is strongly associated with the
risk of progressive supranuclear palsy (PSP), corti-
cobasal degeneration and, to a lesser extent, AD
and PD, implicating the involvement of tau in com-
mon neurodegenerative pathway(s) (35). The ge-
nomic complexity around the MAPT locus is em-
phasized not only by complex arrangements of
duplications close to the NSF gene, but also in a re-
cently identified de novo micro deletion of 500-
600 kb of the locus in individuals with develop-
mental delay and learning disabilities (35). On the
basis of previous facts, interaction between MAPT
and NSF genes seems to be an interesting resear-
ching potential.

Neuronal apoptosis or programmed cell death
(PCD) is a crucial process occurring not only during
normal development and tissue turnover, but also
in pathological situations such as stroke and neu-
rodegenerative diseases (36). Neuronal PCD invol-
ves the activation of a number of enzymes and ge-
nes and is regulated by specific growth factors, su-
ch as neurotrophins, which promote survival of
particular neuronal populations by binding to spe-
cific cell surface receptors. Over expression of acti-
vated Rac1 or Cdc42 in SCG neurons maintained in
the presence of NGF induced apoptosis, whereas
expression of dominant negative mutants of Cdc42
or Racl blocked apoptosis following NGF wit-
hdrawal. Furthermore, Cdc42-induced death was
prevented by co expressing the c-Jun dominant ne-
gative FLAGA169 (37). Taking into account the fact
that CDC42 is a key component of the cell death
machinery in sympathetic neurons (37), its poten-
tial the role in PD should be further considered.
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Identifikacija gena kandidata za Parkinsonovu bolest metodom integrativne
genomike

SaZetak

Uvod: Novija istrazivanja Parkinsonove bolesti (PD) upucuju na zakljucak da bi genetika i cimbenici okolisa mogli imati vaznu ulogu u razvoju PD.
Prema danadnjim saznanjima umiranje stanica i njihova adhezija su patogenetski mehanizmi moguce povezani s PD. Temeljem povezanosti tih
mehanizama s PD u ovom smo istrazivanju Zeljeli odrediti nove gene kandidate za PD i to integrirajuci rezultate dobivene transkriptomickim is-
trazivanjima i rezultate iz interaktivnog sustava za potporu biomedicinskom istrazivanju BITOLA (engl. Biomedical Discovery Support System).
Materijali i metode: Za otkrivanje funkcionalne povezanosti izmedu potencijalnog gena kandidata i patogenetskog mehanizma povezanog s
PD osmislili smo strategiju integracije rezultata transkriptomickih istraZivanja s rezultatima koje smo dobili pristupom interaktivnoj bibliograf-
skoj bazi podataka BITOLA. Podaci o lokaciji kromosoma, ekspresiji specificnoj za pojedino tkivo, funkciji potencijalnih gena kandidata i njihove
povezanosti s genetickim poremecajima dobiveni su iz sljedecih bibliografskih baza podataka: Medline, Locus Link, Gene Cards i OMIM.
Rezultati: Integracijom i usporedbom rezultata dobivenih iz sustava BITOLA i analizom transkriptickih istrazivanja uocili smo Sest gena (MAPT,
UCHLT, NSF, CDC42, PARK2 i GFPTT) koji se pojavljuju paralelno kod obje skupine rezultata. Nije se proucavala funkcija gena NSF, (D(42 i GFPTT u
patogenezi PD.

Zakljucak: Prethodno spomenute gene, koji su bili prisutni u obje kupine rezultata te su odgovarali postavljenim kriterijima za gene kandidate i
njihovu potencijalnu ulogu u razvoju PD, potrebno je daljnje ispitati metodama specijaliziranim za ta tri gena.

Kljuéne rijeci: Parkinsonova bolest; gen kandidat; sustav BITOLA
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